The viscoplastic behavior of SCS6/Ti-15-3 metal matrix composite materials at elevated temperatures by Tuttle, Mark E.
The V i s c o p l a s t i c  Behavior  o f  SCSb/Ti-lS-3 Metal M a t r i x  Composite M a t e r i a l s  
a t  E levated Temperatures 
bY 
Mark E. T u t t l e  
Ass i s t  an t  Professor  
Uept. Mechanical Engineering, FU-10 
hi v e r s i  t y  o f  Washington 
S e a t t l e ,  Washington 98195 
Titanium-based metal  m a t r i x  composite m a t e r i a l s  (MMC'S) a r e  be ing  con- 
s i d e r e d  f o r  use i n  t h e  N a t i o n a l  Aerospace Plane. It i s  expected t h a t  these 
m a t e r i a l s  w i l l  be sub jec ted  t o  temperatures ranging up t o  about 820OC 
(1sUu"F). 
t i f y  t h e  l e v e l  o f  v i s c o p l a s t i c  behavior  e x h i b i t e d  by SCS6/Ti-15-3 MMc's a t  
e l e v a t e d  temperatures.  
The present  s tudy was a p r e l i m i n a r y  i n v e s t i g a t i o n  in tended t o  quan- 
The s tudy consi  s t e d  o f  a s e r i  es o f  un i  a x i  a1 creep/creep recovery t e s t s .  
Three These t e s t s  were conducted i n  a i r  a t  a temperature o f  535OC (1OOOOF). 
d i  s t i  n c t  types  o f  specimens were tes ted :  
LU2 / f4SJs  comyosi t e  specimens , and [9U2/+4S], composite specimens. 
T e n s i l e  loads were a p p l i e d  t o  t h e  specimens us ing  a lever-arm creep frame 
equipped w i t h  a h i g h  temperature furnace. Specimen creep s t a i n s  were moni tored 
T i  -15-3 "neat mat r i  x"  specimens, 
u s i n y  an LVUT-based extensometer. ,- 
A t y p i c a l  t e s t  schedule i n v o l v e d  heat ing  t h e  specimen from room tempera- 
t u r e  t o  S3S°C a t  an average r a t e  of rouyh ly  9"C/min. The specimen was then 
a l lowed t o  e q u i l i b r a t e  f o r  1 hour a t  t h i s  temperature. A creep l o a d  was 
a p p l i e d  and h e l d  cons tan t  f o r  a 3 h r  (lU,LIUO sec) p e r i o d .  
p e r i o d  t h e  l o a d  was removed and t h e  creep recovery response was moni tored f o r  
an a d d i t i o n a l  1 h r  (36UU sec)  per iod .  
A f t e r  t h e  3 h r  creep 
Typ ica l  r e s u l t s  a r e  shown i n  F igures  1 and 2. The creep/creep recovery 
response o f  a Ti-15-3 neat  m a t r i x  specimen t e s t e d  a t  a creep s t r e s s  l e v e l  o f  
1UU MPa (14.5 k s i )  i s  shown i n  F i g u r e  1. Note t h a t  a x i a l  creep s t r a i n s  
approachiny 1% accumulated d u r i n y  t h e  3 h r  creep t e s t .  Analogous r e s u l t s  f o r  a 
L u ~ / f 4 b J ,  composi te specimen a r e  presented i n  F i g u r e  2. 
specimen was sub jec ted  t o  a creep s t r e s s  o f  142 MPa (20.6 k s i ) .  An a x i a l  creep 
s t r a i n  o f  r o u y h l y  U.U7% accumulated d u r i n y  t h e  3-hr creep t e s t .  
I n  t h i s  case t h e  
These p r e l  i m i  nary  r e s u l t s  i n d i c a t e  t h a t  t i  tanium-based MMC's may e x h i b i t  
s i  yn i  f i c a n t  creep behavior  a t  t h e  e leva ted  temperatures a n t i c i p a t e d  f o r  t h e  
" S V .  
a f u n c t i o n  o f  s t r e s s  l e v e l ,  temperature, and layup. 







FIG 1 : 5-15-3 NEAT MATRIX SPECIMEN #A5 
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FIG 2: SPECIMEN #BlO - [O/f45]~ 
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